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(54) Confinuous refill of apring bag reservoir in an irik-jet printar/plotter 



(57) A cloeed Ink replenlshmont eysxem for replen- 
ishing the supply of ink in negative pressure spring-bag 
reservoirs In a primor/plonGr (1000). Atube (1 3i 0-1 340) 
runs between each cartridge reservoir and an auxiliary 
reservoir (I4i0-l440) mounted to the printer/plotter 
frame to fomi the closed ink system. As ink is depleted 
from the aprlng-bag resen/oir during printing operation, 
the negative pressure In ihe cartridge increa&e&, draw- 
ing ink through the tuba from the auxiliary resan/olr into 



the cartridge until the negative pressure decreases to 
an equilibrium point As a result, the volume of Ink within 
the spring-bag resenrair remains substantiaily constant 
so long ae Ihere is ink remaining wilhin the auxiliary res- 
ervoir. This maintairffi the print quality. The auxiliary res- 
ervoir is a flat bag mounted on a spring-biased platform 
(1 51 0). which acts as a height regutaiing system. As ink 
is depleted from the auxiliary bag. the height of the plat- 
fonm and bag increases to maintain a constant pressure 
and elevation head at Ihe spring-bag reservoir. 
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Description 

TTiis invention relator to th&rmal inl(-jet (TIJ) print- 
ers, and nnoTd particularly to improvements in the pens 
ueed therein. e 

TIJ printers typically include a TIJ pen which in- 
cludes a reaervoir of ink coupled to the TU pnnthe&d. 
One type of pen Includes a potymerfoamdlepoeed wilh- 
in the print resen/oir so that the capiliary action of the 
foam will prevent Inic from iealdng or drooling from the 
printhead. In such a joam-pen, an air-vented delivery 
eystem le provided wherein air enters the reeervolr via 
a separate vent opening to replace ink which is dis- 
pensed from the resereoir through the printhead. 

A different type of TIJ printer has an ink resen/oir t5 
which is ordinarily maintained under a 6Ub-atmoepheric 
or negative preesure dO (hat ink will not leak or drool 
from the pnnthead. N&rious types of ink re$ervoire may 
be used indudvig reftilable ink resQrvoir cartridges 
whteh are niounted on Irte moveable printer carriage, sq 
throwaway rsplacaabla cartridgas which are mounted 
on the printer carriage, and remote orofftx>ard ink re$< 
en/oirs from which ink \b brought to the printhead on the 
printer canlage by tubing. 

A coHapeible ink reservoir for an inkjct printer is die- ^5 
closed In U.S. Patent 4,422.084, Iseued Decembers, 
1983, to Salto. Negative pressure is maintained in a 
polypropylene ink bag by varioue typee qT springe which 
bias the bag walls apart from each other. The springe 
may be mounted inside of or externally of the ink bag. ^9 
but the spring pressure regulator construction doas not 
result in eubstantiglly complete emptying of the ink bag 
and the bag rtsolf is not carried on a printer can'lage. 

Another ink reservorr which achieves constant neg- 
ative back prassure through an external spring or an ^ 
elastomeric bladder is disclosed In U.S. Patent 
4.^9,062. issued April 2. 1985. 

Large format InK-Jei printer/plotters swh as the 
0E5I6NJET series sold by Hcwlett-Packafd Company 
offer substantial improvemenle in speed over the con- 40 
ventional X-Y vector plotter. Ink*jet printer/plotters typi- 
cally inciuda a plurality of print cartridges, each having 
a print head with an array of nozzlee. The oartrk^gee are 
mounted In a carriage whk;h is moved across the page 
in successive swatlie. Each in k-jet print head has healer ^ 
Circuits which when activated cause Ink to l:>d ejected 
from associated nozzles. As the cartridge is positioned 
over a given location, a Jet of ink is ejected from the noz- 
zle to provide a pbcel of ink at a desired location. The 
mosaic of pixels Ihue created provkiee a desired com- so 
posrte image. 

Recently, full color ink-jet printcr/pkitters have been 
developed which comprise a plurality of ink-jet cartridg- 
es of diverse colors. Atypical color ink-jet prihter/plotter 
has four Ink-jet print cartridges, one for black ink (K), ^ 
and three for color inke, magenta <M). cyan (C) and yel- 
low (Y). The cotors from the three color cartridges are 
mixed to obtain a full spectnjm of color. The cartridges 



462 A2 2 

are typically mounted In stalls within an assembly which 
is mounted on the carriage of the prfnieryi:loRer. The car- 
riage assembly posHlons the ink-jet cartridges and typ- 
ically holds the circuitry required tor interface to the 
healer circuits b the ink-jet cartridges. 

1-arge scale printer/plottere have been developed 
which use cartridges with internal epring-bag reservoirs. 
Because of the volume of mk used in creating many 
pbts, as welt as the heavy usage to whk:h the devices 
are put. the user mu€t Intervene to replace cartrkjges 
whose internal resenroira have been depleted of Ink. 
Thle can lead to expensive wasle if a large scale pk>t is 
commenced, bul must be discarded because one or 
more of the cartridges runs out of ink. The print media 
on which such plots are made fe typically relatively ex- 
pensive. Moreover, time is k>sl in commencing a large 
plot only to hava to discard the plot because one of the 
cartrkjges runs out of ink before the plot is finished. 

Thus there fs a need in the art for systems and tech- 
ntquGstor providing an increased supply of ink In printer/ 
plotters empk^ying spring -bag cartridges. 

The Invention proposes an ink-Jet printer/plotter for 
ink-jet printing onto a print media is described, and com- 
priees an ink-jet cartridge including an ink-^jet printhead 
and a closed spring-bag primary Ink reservoir In fluid 
communksaiion with the print head for holding an Inter- 
nal supply of llquki Ink under negative pressure. TTie res- 
encxt including a movable side wan and an internal 
spring for blaeing the ekie wall against collapsing as ink 
is withdrawn from the reservoir and ejected from the 
pn'nl head onto a print medium during printing opera- 
tions. The printer/ plotter includes a frame and a print 
media advancing mechanism for advancing a print me- 
dium along a medium path in a media advance direction 
to a print arsa. A cartrrdga carriage holds the cartridge 
in a registered position, and a cartridge carriage drtve 
mechanism moves the cartridge carriage relative to the 
frame along a carriage axis for printing a ewath. 

Further, an auxiliaiy ink reservoir Is secured relatfve 
to the frame for holding an auxiliary supply of Squhl ink. 
A connection tube runs tsetween the primary reservoir 
and the auxiliary reservoir for provkSing a cleeed fluid 
path between the primary and auxiliary reservoirs. The 
printer/ plotter jncludee means k>rposilion'mg the auxil- 
iary reservoir at a height position relative to the spring 
bag internal reservoir so as not to destroy the back pres- 
sure. Preferably, the height position of the auxiliary res- 
ervoir is below a height at which the print head is dis- 
posed while the cartridge is secured in the carriage for 
printing operation. 

The auxiliary reservoir holds a targe quantity of Uq-> 
uid inklo result in little variation in back pressure as ink 
is consumed. In a preferred embodiment, the auxiliary 
reservoir is a flat bag with relative large depth and wkfth 
dimensions. 

In accordance with another aspect of the invention, 
Ihe auxiliary reservoir is supported by a spring-biased 
platform wlioee height varies as the weight of (he auxll- 
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iary roservoir changes. As ink withdrawn from the aux- 
iliary resarvoir to replenish the sprjng4>ag reeenrotr. Ihe 
reBen/oIr weight daorea$d6, and the platform and reser- 
vofr rise. This maintains a constant pressure and eleva- 
tion head In iha Ink reptenlshment system. 

The invention will ba mad© clear by refcrcnca to a 
description of exemplary embodiments thereof as 
shown In thd drawings. 

FIG. 1 is an exploded pdrspectlve view of a rsplace- 
able or Ihrowaway ink cartridge of a presently preferred 
embodiment of the invention prior to assambly. 

(=18. 2 is a sectional >^ew taken along the line 2-2 
of FIG. a with the spring assembly not shown. 

FIG. 3 is a cross-sectional view of the cartridge of 
Fie. 2, with partial enlargements at Ihe sections shown 
thcroon. 

Fl@. 4 is an exploded porspoctive view of another 
presently preferred en-rtTodiment of the invention after 

assembly- 

RG. 5 Is a perspcctivo view ot the cartridge of FIG. 
4 after assembly, with eidecovers not shown. 

FIG. 6 is a close up perspective view of the cartridge 
of FIG. 4 after assembly, with sidscovers removed. 

FIG. 7 schematically shows three stages Of com- 
pression for the spring afiaembiy of the present inven- 
tion. 

FIG. 8 shows three steps for installing the aforesaid 
cartridge th a multhpen cam'age; and 

FIG. 9 is a perspeotiV/e view showing multiple car- 
tridges of the present invention mounted for use in a 
prinler/t>iott&r 

flQ. 10 Is a perspective view of a large scale printer/ 
pjotler embodying another aspect of the invention. 

FIO. 11 is an isomairtc view of the carr^gs assem- 
bly of the prfmer/iplCLler of FIG. 1 0. 

FIG. 12 is a isolated perspective view showing fur- 
ther details of the carriage assembly of FIG. 11. 

FIG. 13 ie a simplrfied front elevation view of the 
printer/plotter of FIG. 10. 

FIG. 14 is a simplified rear elevation view of the 
printer/plotter of FIG. 10. 

FIG. 15A Is a simplified schematic iliustratkxi of a 
spring-loaded ptatfonn for an auxiliary resennlr which 
is filled with ink, together with an ink level detecting cir- 
cuit, FIG. 15B tea view similar to FIG. ISA, with the ink 
partially drancd from the auxiliary resen/oir. 

FIG. 16 is a partially exploded view of a spring bag 
cartridge adapted for use with the prthter/lptotter of FiG. 
10. 

FIG. 17 is aside view illuslrHling ths replenishment 
port of the cartridge, adapted to be connected to a tube 
for replenishment with Ink from an auxiliary reservoir. 

FIG, 18 shows in isolation the area of the replenish- 
ment port of the frame slructura comprising the car- 
tridge. 

RG. idA and 19B illustrate the connection of the 
tube lo the replenishment port. 

FIG. 20 Is a pk)t of data showing the ink back-pres- 



sure as a function of inkdelivdred from a spring-bag car- 
tridge, for various spnng-bag spring rates. 

FIG. 21 Illustrates the ck^sed ink path between the 
spring-bag cartrkjgo and the auxiliary resenroir. 
5 FIG. 22 is a bottom view of the auxiliary reservoir 
bag and tube. 

FIG. 23 is a broken away view of the auxiliary res- 
ervoir bag, showing the fitment element 

FIG. 24 is a cross-Sedtonal view of the fitment els- 
10 meni, taken along tine 24-24 of FIG. 23. 

FIQ. 25 is a broken-away, cross-sectional view of 
the resenrair bag, fitment element and the connacllon 
tube. 

The drawing shows a replaceable ink cartridge 

f£ comprising a rigid outer housing 10 having a pair ol 
spaced cover plates 1 2, 1 4 intended to be affixed as by 
heat tx>nding, or adhesive, or preferably press fit 
through Inrertocking tabs to opposite sides of a plastic 
per^heral wall sectfon 16. Snout portkjn 13 of the ear- 

20 tridgo has an ink discharge aperture 19 in its toweimost 
Gnd wall (as seen in FIG. 1 } lo which is affixed an elec- 
trfcaffy driven printhead, not shown. 

An Inner collapsible reservoir structure unit 25 com- 
prised of a relatively rigid inner plastic frame 20 and a 
pair of hk bag sidewalls 22, 24^ at least one of which le 
a flexible membrane such as plastic, attached thereto is 
mountedintheoutarhouslngie. PreferatJiy, innorfiame 
20 Is molded with the outer housing 16 in a two-step 
injection molding process. Inner frame 20 Is fonmed of 

90 a softer and lower melting point plastic than the plastic 
of housing 10 to permit heat bonding of the bag walls 
22. 24 thereto. Alternatively, inner frame 20 may be sep- 
arately cofistnjcted with some flexibility to assist In 
nrKM;nlrng it in the housing 16 but the trtvne 20 is rigki 

3S relative to iheflaxible Ink bag membranes described be- 
low. 

The frame 20 has a pair of opposite ekJe edges 21 a 
and 2ib to which the flexible plastic Ink bag members 
22. 24 are respectively joined as by heat wekjing at their 

40 per^heral edges lo form the resenrair structure 25. The 
resenm'r structure 25 contains a pressure regulator 30 
which in turn Is preferably oomprSsed of a pair of spaced 
substantially parallel metal skleplates 40, 50 urged 
apart by a bow spring 60 toward the flexible membranes 

^ 22, 24. The assembled lesenrair structure including the 
Inner frame 20, membranes 22, 24 and pressure regu- 
lator 30 Is then mounted inskja of wall section 16 ol the 
cartridge arKi side walls 12, 14 are then affbcad to the 
cartridge housing peripheral wall 16. The snout portion 

^0 1 3 of housing 16 also contains an ink liller IS which is 
placed In fluid communication with the flexible Ink bag 
resenroir. The filter 18 may be mounted inside -the res- 
erwnr structure or it can be positioned outside of Ihe res- 
ervoir structure but inside outer housing 16 with minor 

S& porting and seal modrficatkms to ensure flukj communi- 
cation from the ink reeenrofr to the filter 1 B. The tower- 
most portbn of the peripheral outer housing wall 16 (as 
Viewed In FIG. 1.) is provided with an ink discharge ap- 
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erturs 1 9 Ihroughi Which ink is downwardly discharged 
from the fitter 18 to the printhead, not 6hown. 

The pressure regulator sideptales 40, 50 may be 
individually cut from a continuous motal etrip ol metal 
such as stainleee steel, each plate being of generally s 
reclangular configuration with rounded comers to mmi- 
. mi^e damaging the flexible bag membranes. 

Tho bow spring BO also may conveniently be cut 
From a common strip ol melal such as stainless steel. 

Tlie bow spring 60 is affixed preferably by spot or 
laser welding at the apayres of each of its big^s centrally 
onto each ol the sidepTates 40, 50. 

An edge guard In the form of a thin but tough poly- 
ethylene cover layer 41, 61 having ar) acrylic adhesive 
on one surface thereof may Ihen be press bonded to Ihe 
outer surface of each elde plate 40. 50 rf desired. The 
cover layers 41 . 51 are each sized slightly larg&r than 
the side plates 40. 50 so that a marginal width of ap-< 
prootimately 1 .2 millimeters of the cover ^ers extends 
beyond each edge ot the metal plates 40, 50 to prevent so 
those edges from contacting thecomparalively delicate 
plaelic bag wall membranes 22. 24. 

The pressure regulator 30 is centrally positioned In 
the frame 20 and housing 10 and the two flexible plastto 
inic bag sidewalls or membranes 22, 24 are then heat ss 
bonded or cemented set their peripheral edges to the 
edge wall 21 ot the inner plastic frame 20. care being 
taken to mafntain the central posUloning at alf times of 
the regulator and cover layers 41. 51 in the frame 20 
between the flexible membrane walls 22. 24. The bag 90 
walls 22. 24 are then securely affixed to the pressure 
regulator 30 preferably by heat bonding the membrane 
bag walls 22. 24 to the cover layers 41. 51 In the area 
bonded by the broken line B. Thfe heat bonding has the 
primary purpose of preventing relative motion between ^5 
the pressure regulator 30 and preventing direct contact 
of the metal sidepiales 40. 50 with the relativery delicate 
membrane bag walls 22, 24 to prevent the edges of the 
sidepfatee f nom cutting or puncturing the membranes. 
In the absence of any protective cover layers, the bag ^ 
walls may be directly bonded by heat bonding or suitable 
adhesive to the pressure regulator. Either method of 
constmctnn also reduces the area of ink contact with 
the membrane waifs 22. 24 which In turn minimizes the 
migration of moisture from the ink through the mem- 45 
branes. Such migration, over time, degrades the Ink 
quality and this problem' is thus minimized. In one em- 
bodirr^mthe dimensions of the dashed line area of heat 
bending are approximately 8 mm by 29 mm, and the 
heat bond area is centrally tocated on the sidepiales 40, so 
50. In another embodimem. the regulator sideplates and 
bag sfdewalls are initially assembled to be in moveable 
contact with each other. Therealter, a heated platen mo- 
meniarlty contacts the film and fuses the film to the plate. 
A slight vacuum must be applied to the Inside of the ss 
frame to improve the quality of the fusion. 

As ink Is withdrawn from the resan/oir bag, the flex- 
ible skiewalla 22. 24 of the ink bag and the pressure reg- 
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ulator sideplates 50, 50 gradually move toward each 
other until the spring is in an dssenlially flat configuration 
with the two sideplates 50, 50 conning virtually into con- 
tact with each other so that the bag is substantially com- 
piQtQiy emptied oJ Ink. 

Persons skilled in the art will readily appreciata that 
vartous modifications can be made from th© preferred 
embodiment, thus the scope of protection Is intended to 
be defined only by the limitations of the appended 
claims. For example, the cover layers 41, 51 may in 
some Instances be unnecessary and an ink bag having 
a single flexible membrane wall instead of two flexible 
membrane walls might be consinjcted. In this instance, 
the pressure regulator need only Kiave a single eideplate 
urged into engagement by a spring with the single flex- 
ible membrane t^ag wall. 

ft Is therefore understood from the loregoing de- 
scription that the invention provides a txsndrig tech- 
nique to assure lhai the regulator is cemraBy positioned 
and always held In rts proper place between the flexible 
membiane bag walls, preferably by heat bonding of the 
bag walls to an edge guard layer covering the outer sur- 
face of the two sideplates 40. 50. 

In such a preferred embodiment of Itie invenlcon, 
fnadvertant punclure of the th^ bag walls by the regu- 
lator fe prevented by a protective edge guard tn the foxm 
. of a layer of tough plastic bonded to the outer surface 
of Ihe MdeplatGs, the protective layers each having a 
peripheial edge which extends beyond the edge of the 
sideplate to prevent Ihe edges of the sideplates from di- 
rectly contacting the bag walls. 

FIG. 2 illustrates a partially assembled inkcartrldge 
embodying the Invention. Including an external pen case 
comprlsnig a composite frame strvclure 16. 20 and a 
pair of fiidd covers 12, 14. The frame structure deflnaa 
m open area 31 5 for the ink reservoir. The pen snout 
1 3 Is formed al one comer of the cartridge, and a print- 
head 17 is attached at an end 2l of the snout 13. TIJ 
prlntheads are well known in Ihe art. and Gnclude a plu- 
raitty of orifice nozzles disposed In aprlnlheadplanc. In 
this exemplary embodiment the nozzles eject ink drop- 
lets in a direction generally normal to the printhead 
plane. Hie cartridge and carnage arc provided with 
eleclricai wiring alsmants (not shown) to connect the 
print head 17 to the printer controller to control the op- 
eration of the print head, as is well known in the art 

The pressure regulator 30 is centrally posilkxied in 
the open area 315 of the Inner per^tieral frame 20 and 
Ihe two flexible ink reservoir sidewalls 22, 24 are heat 
bonded or cemented at their peripheral edges to the out- 
er edge wails 21 of the inner peripheral frame 20. wth 
care Iseing taken to malntajn the central posrtfoning at 
all Umes of the regulator in Ihe inner periphery frame 
between the flexible sidewalls. The reservoir sidewalls 
may then be securely aimxed to the sideplates, prefera- 
bly by heat bonding in the area shown as 144. This heal 
sealing has the primary purpose of preventing relative 
motk>n between the pressure regufator 30 and the flex- 
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ibfG sidewalls, as well as preventing direct contact of the 
metal sldeplates 40, SO with the rslstlvely dollcate fQ&- 
ervQir sicfewaJls to piwcnt the edges of the sldeptates 
from cutting or puncturtng the s'idewalls. As be$t €hown 
in FIQ. 6, each cover plate 146 ia afftxed to the outer S 
peripheral frame through malchfng tabs 148 and ^t 
149. 

The maleriaf ueed tor reservoir ejdovvalle should be 
flexible, relatively puncture resistance, impenridable to 
mot^ure and chemically compatible and non-reactive io 
with the ]nk contained therein to prevent leakage or mi- 
grMlon of the ink out off the reservoir, and impermeable 
to exiemaJ contaminants such as air, dust, liquids and 
the like, 

Tlie resanftMr is filled with Ink via port ia2 which is is 
eubsequenlly plugged for shipment. The required 
means which fire ths ink droplets through the orifices en 
the printhead is well known in the ari and cause progres- 
sive collapse of the spring reservoir such that its side- 
waJIs both retract inwardly as the ink volunne in the ree- 20 
er^ir is decreased. 

Refeningto FIGS. 4, 5and6, peripheral outerfranr)e 
is provided with a pair of spaced parallel slots 10a and 
10b on opposite sidee of reduced tfilcknese channel 1 5. 
Cover plates include addllbnal centrally located slots ^ 
(net shown) aligned with slois 1 0a, 1 0b. respectively, to 
provide a passageway for ink level indicator strips 113 
and 11 4 which are cemented 10 heal sealed to opposite 
rcsenroir aidewalls 124^ 122. rxsspectively. The Joinder 
areas are shown ae areae 1 4a, 144 in FIG. 4. A window so 
device 24 having a stationary viewing window 25 Ih erein 
fs placed over and maligned with the reduced thickness 
channel 15 to provide a passageway tor movement of 
the indicator strips 11 3^ 114. 

The schematic drawing of FIG. 7 shows how the SS 
spring asscmbfy Is prek^ded inside the caitrldge In or- 
der to optimize the range of negative pressure exerted 
by the spring during dopJetion of the mK from the reser- 
voir. The actual negative pressure required of the spring 
is based on various fetors, ineludirig the nozzle orrfice 40 
architecture, the geometry of ttie cartridge (including Ihe 
outer expansion llmtte of the reservoir as determined by 
the thickness of the cartridge), and the state ink head 
in the resen/oir as determined by the horciootal/venfcal 
orientation of the cartridge when mounted in printtng po- 43 
sition in the carriage. In this regard it is important to em- 
phasize that when irtk is suppKad to the ink resen/olr 
through inlet hole 122, the spring force exerted against 
the flexible walls of the ink resen^ir must k)o calibrated 
to provkJe suffident back-preseure (i.e.. ne^tive pres- so 
sure) to prevent any undesirable leakage of the Ink such 
as drooling through the prlnlhead during cartrklge stor^ 
age, duringoartrkjga installation on the carriage, or dur- 
ing oparaiion on the carriage. Thus, the nexlbte watts 
shoukl not contact the cover plates of the casing or the ^ 
rigid frame member afterthe filling operation is complet- 
ed, as b>d&| shown in Ihe "pre-loaded" mkldle drawing of 
Fia 7. 
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FIG. 9 illustrates a preferred embodiment of a TIJ 
printer incorporating a cartridge mounted in an upright 
position with the bngest dimension of the cartridge in 
the Z axis, the intennadlate dimensfon of the cartridge 
in the Y axis, and the thinnest dimension of the cartrkjge 
in the X axis. The printer inchjdes a housing 232 which 
supports various elements Including a piaton 234 which 
supports a print medium 236 stich as a sheet of paper. 
The printer includes a pen carriage 238 which fs driven 
along a support shaft 240 to eject drops of ink fiom the 
pens 250 onto the print medium. As te well known In the 
art. the printer further includes media advancement 
mechanisms not shown to advance the medium ti the 
Y direction arrow 242 along the medium advancement 
axis to position the medium for tho next successive 
transverse swath carried out l>y the carriage 23B atong 
the scan axis 244. According to one aspect of the Inven- 
tion, Ihe carnage 23B holds a pluralily of thin pens 250, 
and is relatively narrow due to the thinness of the pens 
along the X direction 244 of carriage movcmGnt As a 
result, the required width of the printer 230 can also be 
refetively smaller than In prior designs. Further, the 
depth dlmenskxi of the pen is smaller than the height 
dimensksn, thereby minimizing the pen footprint while 
provkjing a high volume pen. This permits further a re- 
duction in the prtntor footprint size. 

In the preferred embodiment, the carrage 238 in- 
cludes compartments adapted to carry four pens, each 
of a different color, as for example black, cyan, magenta 
and yellow. The pens are secured in a closely packed 
arrangement and may be seiect'iveiy removed from the 
carriage for replacement with a fresh pen (see RG. fi). 
The printheads of the pens aro exposed through open- 
ings in the pen companmants tacmg the print medium. 

While the aforementioned exemplary embodiments 
are TIJ cartridgea, the invention is adaptable for use with 
other print cartridges which inoorporate an ink resennxr 
aa part of the cartridge. Similarly, the invention is not 
timttod to a two-material frame but would be adaptable 
to any unitary or composite frame member such that a 
flexible nnembrane oould be heat staked, glued, bonded, 
or sealed by compression or the like to Ihe frame. 

According to another aspect of the invention* an off- 
axfs auxiliary ink reeenfoir is connected 10 a spring bag 
primary Ink reservoir, thus increasing the amount of un- 
attended printing poealble with the system. This aspect 
is parllculariy welt suited to solution of problems asso- 
CQted with large torn^t printing (LFP). The off-axis aux- 
iliary reservoir provides ihe LFP user with an increase 
in printer unattendedness and decreases Ihe degree of 
user intenrsnlnn. This is aooomptished while maintain- 
ing print quality over a large range of ink usage. 

An exemplary system Includes an inki'et caiijvSge 
with a primary spring bag reservoir, ink supply tubing 
and an auxiliary ink resenroir connected to the primary 
resereoir through the tubing. The primary reservoir is 
continuously refilled with ink using a combination of pri- 
mary resen/oir back pressure (vacuum) and supply bag 
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positive pressure to drive tha flow of Ink from the auxil- 
iary rosgrvolr to ihe prlmaiy rGservolr. The Inner diamc^ 
ter of thG tubing Is sufficient to supply ink under heavy 
printing loads to nafntaln tha Ink supply in the primary 
sprinQ-bag reservoir; Ihe system does not rely on capih 
lary flow through the tubing. Due lo the sensitivity of the 
prim quaJily on cartridgs back-pre$eure, the auxilary 
r&sGrvo]r Is located at a vertlcaJ position that fistabiiehes 
an ink pressure head at the tubing system outlet that 
prevents both drooling of ink at the print head nozzles 
and starvation of ink aft the noZZles, and also ensures a 
continuous flow of Ink from the auxiliary reservoir to the 
primary resen/oir. 

The tubing can be connected to the primary reser- 
voir through the inic fill pon, e.g., port 122 (FIG. 4) 
through which the primary resen^oir is typically iniliaDy 
filled with ink, as described In commonly assigned, co- 
pending applicallon serial number , 
filed concurrerttly herewith. INK-JET SWATH PRINTER 
WITH AUXILIARY INK RESERVOIR. J. H. Bohorquocc 
et al. Attorney Doc^l Number 10g50575-1, the entire 
contents of which are incorporated heroin by this refer^ 
ence. Alternatively, the tubing can be connected to the 
primary reservoir through a second replenishment port 
extending through the cartridge frame, e.g., In the oomer 
handle area ag described more fully bek>w. 

The print quality of a £pring-bag ink-Jet cartridge fs 
known to depend on back-pressure. Since this is gen^ 
erally hekJ constant in accordance with one aspect of 
the invention while the auxiliaiy reeen/'oir contains ink, 
print quality is regulated to some extent through an in- 
creased time period or quantity of printing. The back 
pressure in the primary resenroir is highly deperKient on 
the volume oF ink in the primary resarvoir, and thus tha 
amount of ink flowing from ihe auxiliary reservoir to the 
primary reeenrair becomes critical. Essentlafly. the de- 
sired amount of ink in the primary reservoir delates 
where the auxiliary resenroir should be placed in refer- 
ence to the height bekiw the cartridge print head noz- 
zles. Good print quality is obtained when the back pres« 
sure in the cartridge is maintained within a specific 
range. If the auxiliary reservoir is placed too high with 
respect to the nozzles, too much ink may flow into the 
primary reservoir, wh'reh causes a decrease fn the hacl^ 
pressure and may albw the canrkJge to drool or leak ink 
through the nozzles. If the auxiliary resenroir is placed 
too low in relation to the elevation of the nozzles, a re- 
verse ftow of Ink may result which causes ink to flow 
f n5m the primary reservoir to the auKlliaiy resen«>ir, re- 
sulting in increased back pressure and nozzle slane* 
tion. For exemplary sprlng-bag cartridge resen/olrs and 
ink-jet prtntheads, a typical range of back pressuries is 
2 to 10 inches of water, with a narrower range of 3 to 7 
Inches of water desirable. The range of back pressures 
for which a given cartridge will operate properly te de- 
pendent on the spring rate and print head type. 

In accordance wilh another aspect of the Invsnlion. 
the height of the auxiliary resen/oir in relation to that of 



the print head nozzlea Is regulated using a eprvig mech- 
anism that continually provides sn upward force on Ihe 
auxiliary reservoir. As the Ink is drained from the auxil- 
iary reservoir into the primary reservoir, the spring force 

s acting on the auxiliary reservoir causes the auxiliary res- 
en^oir to ree rclalrve to its initially poeilbn before ink Is 
drained. As a result, tha system provides a means for 
maintaining a relative constant arrtount of energy (pres- 
sure head and elevation heacQ at the auxiliary reservoir. 

10 The back pressure In the primary resenroir is highly de- 
pendent on the amount of ink in the reservoir. When a 
small amount of ink is expelled through the print head 
nozzles, an Increase in back pressure fs realized In the 
primary reservoir. This results in an increased ink flow 

7^ rate from the auxfliary reservoir to the primary reservoir 
until tha volume of ink within the primary reservoir is 
such that the back pressure is reduced Lo a point where 
the ink flow rate goes lo zero. This aspect of tha inven- 
tton creates a process by vvhich the amount of ink within 

^0 the primary reservoir remains cor^stant as long as there 
is Ink in the auxiliary reservoir. AddiUonally. the increas- 
ing elevation of the auxiliary reservoir as it is drained 
provides a method by which the weight of the bag, and 
hence the amount of ink within it, may be monitored 
electronically using a potentiometer or Linear Variable 
□iffercntal Transducer, or other displacement transduc- 
er. 

An exemplary embodiment employing this aspect 
of the invention is illustrated in FIGS. 10-25. This cm- 

&0 bodiment Is a swath plotter/prfritGr 1000 tor LFP appii- 
cattons. FIG ID is a perspective view of the thermal 
Inkjet large format printer/plotter 1000. Tha printer 1000 
includes a housing 1 01 2 mounted on a stand 1 014 with 
left and righl drive mechanism ertckssures 1013 and 

^ 1016, and a control panel 10^. A carriage assembly 
1100 is adapted lor reciprocal motkxi along a carriage 
bar 1024, both ehown in phantom under a cover 1022. 
A pr^t medium 1030 such as paper is positbned abng 
a venlcal or media axia by a media eixis drive mecha- 

^ nism (not shown). As is common in the ant, the media 
axis Is denoted as tlie Y axis and the carriage scan axis 
is denoted as the y axis. 

Ae shown in FlQ. 12. the posriion of the carriage 
assembly 1100 in a horizontal or caniage scan axis Is 

4s determined by a carriage positioning mechanism tllO 
with respect to an encoder strip 1120. The carriage po- 
sitraning mecl^nism 11 TO includes a carriage position 
motor 1112 which has a shaft 1114 extending therefrom 
through whk;h the motor drivee a srmW belt 1116. 

so Through the smaN belt 1 1 1 6. the carriage position niotor 
1112drive&an idler 1122 v^ the shaft 1116. In turn, the 
Idler 1122 drives a belt 1124 which Is secured by a sec^ 
ond Idler 1126. The bell 1124 is attached to the can'iage 
1100 and adapted to slide therethrough. 

The position of the carriage assembly in the scan 
axis is determined precisety by the use of the code strip 
1 1 20. The code strip 1 20 is secured by a first stanchkm 
112$ on one end and a second stanchion 11 29 on the 
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other and. An optical reader (not shown) fs disposed on 
Ihe carriage assembly and provididd carriage position 
signaJs which are utilized by the Invention to achieve op- 
timal image registiation In the manner ddscribed below. 

IhB nnedlaand carriage position informatfoa pro- 
vided 1o a processor on a circuit board 1170 disposed 
on the carriag© assembly 1100 as the carnage 1100 
movdS back and forth. Tha procas^or ie connected to a 
printer controller secured within the printer housing Via 
a flexible wiring harness an'anged rn a scn^ica loop to 
accommodate the movement Of the carnage along the 
swath axis. 

Rafsrrlngto FIGS. 10-12. the printer 1000 has four 
inlc-Jet cartridges 1102, UQA, 1103, and 110B thai store 
ink of different colors, e.g.. black, yoltow. magenta and 
cyan ink, respectively, in internal spring-bag reservoirs. 
A9 Ihe carrlBge assembly 1100 translates relative to the 
medium lOSO along the x and y axes, selected nozzles 
in the ink-jat cartridges 102. 104, 106, and lOfl are ac- 
tivated and ink is appliad to the medium 1030. The dif- 
ferent ink colore from the ink-jst printhoade are mixed to 
obtain a full spectrum of color. 

The carnage assembly llOO positions the ink-jet 
cartridgee 1 1 02. 1 1 04. 1 1 06 and 1 1 08, and holds ttie cir- 
cuitry required for interface to the heater circuite In the 
Ink-jet cartridges. The carriage assembly 11 00 incTudes 
a carriage iiOi adapted forthe reciprocal motion on a 
tmni slider (not shown) and a rear slider 1024. The car- 
tridges are secured In a ck»ely packed arrangement, 
and may each be selectively rennoved f roart the carriage 
for replacement with a fresh pen. The carriage 1001 in- 
cludes a pair of opposed side walls 1101 A and 1101 B, 
and spaced short interior walls 1i0lC, 1101 D and 
1101E. which define cartridge compartments. The car- 
riage walls are fabricated of a rigid engineering plastic. 
The print heads ol Ihe cartridges are exposed through 
openings In the cartridge compartmenta facing Ihe print 
medium. 

As mentioned above, full cotor printing and plotting 
requires that the colors from the indivrduaJ cartridges be 
applied to the media This causes depletion ol ink from 
the internal cartridge reservoirs. 

To provide higher Ink volume capacity In accoid- 
ance wMfth the invention, an auxiliaiy reservoir is con- 
nected via a tube to each spring bag canrldge internal 
resen/oir. Thus, as shown in FIGS. 13-14, auxiliary ree- 
en/oir 1410 Is connected TO cartridge 1102 via tube 
1 31 0. Auxiliary reservoir 1 420 is connected to cartridge 
1 1 04 via tube 1 320. Auxiliary reservoir 1 430 rs connect- 
Gd to cartrkJge 1106 via lube 1330. Airtiiiary reservoir 
1 440 is connected to cartridge 1 1 08 via tube 1 340. The 
connection tui>ee can be earned with a length of the flex- 
ible eleclrlcai wiring hamess or service loop used to pro- 
vide electrical connections to the processor on the cir- 
cuit board 1 1 70, thereby accommodating Ihe nnovement 
of the carriage along the swath axle. For example, a 
length of cable chain can be used to carry the electrical 
senrice loop and the connection tubes, tlie cable chain 
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is flexibte, with chain links eonnecteei together with pivot 
pine, and the eervk^e \aop and tubes can be connected 
at various points along the cable chain by wire tics, or 
secured within a channel defined by the cable chain. 
« One end of the cable chain is connecled to the carriage; 
the other end is secured to the printer body. The flexl- 
biliiy of the chain allows the chain with the piggy-backed 
senrica loop and lubes \o follow In a controlled fashion 
the movement of the carriage. Suitable cable chains are 
10 available, e.g., the cable products marketed by Ignus, 
Inc. East Providence, Rl. as the (gnus Energy Chain Se- 
ries 07 products. 

The four auxiliary resenwirs 1410-1440 are hekJ on 
platfomfis 1510. 1520. 1530 and 1640 suspended from 
f^ IhepMterbody adjacenttothepencarriage, Iherebeing 
relative motion between the auxiliary resen/oirs and the 
pen oarriage. as well as between the auxiliary rssen/oire 
and the print medium, The auxiliary reservoirs ara con- 
nected via flexible tubes to the respective intemal res- 
^ ervolrs ot ihe spring bag pens. The tubes are secured 
with the electrical control ribbon connector which con- 
nects to the pens to drive the Ink-Jet printheads. 

FIQ. 13 is a simplified schematic front VIew of the 
prlntsr/ploner lOOO. showing the tubes 1310, 1320, 
ss 13S0 and 1340 attached to the respect'rve cartrkigas 
1 1 02, 1 1 04, 1 1 06 and 1 1 08. Theee tubes lead 10 the re- 
spccth/e auxiliary resen/oirs 1410. 1420. 1430 and 
1 440, as shown in the rear view of FIG. 1 4. The auxiliary 
resenroiTS are flat, high capacity bags. Each eet com- 
ae prising a spring-bag cartridge resenrolr. tube and auxil- 
iary reservoir are connected together lo form a sealed 
continuous ink replenishment system. 

The auxiliary resen/oIrs 1410. 1420. 1430 and 1440 
are each supported on spring-loaded plailorme 1510, 
3S 1 520, 1 5^ and 1 540. Fl GS 1 5A and 1 5B illustrate plat- 
form 1510 and auxiliary reservoir 1410. and the height 
rcgulatksn features thereof; the other platforms are iden- 
tical to platform 1510. The platform 1£10 Is supported 
by coil springs 1 51 4 and slides up/down on posts 1 51 2. 
40 The heigh I position of the platform in the Z direction Witt 
then depend on the weight of the auxiliary resenroir bag 
1410. For a reeenrolr which has been filled with Ink, as 
represented in FIG. ISA. the plalfomi position will sta- 
bilize at a relatively }aw Gqullibrium position, indicated 
as "A." As ink is drawn from the bag 1410 to replenish 
the spring bag resen/oir In the cartridge 1102, the bag 
1 41 0 becomes lighter, and the spring force acting on the 
platfomi causes it lo rise In height relative to Its starting 
position A. FIG. 1 5B represents the partially emptied 
so bag. with the platform at a height "B". 

As a result of the auxii^ry reservoir 1 41 0 connected 
in a closed fluid path to the primary spring bag resenroir 
within the cartridge, a relatively constant amount of en- 
ergy (pressure head and elevation head) is maintained. 
ss The back-pressure En the cartridge primary reservoir Is 
prbnarfly regulated by theamount or inkcontained within 
it. When a small amount of ink is expelled through the 
cartrklge print head nozzles during printing operations. 
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an increase in cartridge back-pressure is realized. This 
in turn results In an increase flow rate Insm the auxiliary 
reservoir to the primary resen/olr Vfttlj the Volume of inlt 
wrthin the primary reservoir is such that bacic-preseure 
is reduced to an equilibrium point where the inic flow rate S 
trom the auxiliary reservoir goes to zero. Thus, tho In- 
vention provides a technique by which the amount of ink 
within the primary reservoir remains constant as long as 
there is ink in the auxiliary raservoir. 

While an arrangement employing coil springs has io 
been cfisctosed, other types of position biasing appara- 
tus can be employed, including leaf springs and the like. 

There Is a narrow range of cartridge/auxiliary bag 
height differentiaie that will work correcUy; too small a 
height differential and the cartridge resan/oir will overfiir is 
and drool Ink from the print head due to too low a back- 
pressure. Too great a height differential and the car- 
trldge rosen/oir will underfill and will nol be able to prbt 
due to too high a back-pressure, it is desired that the 
system be sel up so that the spnng-bag plates never so 
touch the outer frame covers due lo overfilling, and the 
plates do not collapse completely until the aus^Hidry res- 
ervoir ink supply has been deleted. 

This height difference can be determined empirical- 
iy by lesting a statistically significant population Of car- 25 
tridgos. Tha ideal height differential is one which will not 
cause a statistically *^rst case" cartridge to drool or 
puddle. I.e., a cartridge having a spring-bag reservoir 
with the highest back pressure at which the system will 
be designed to operate. These cartridges have higher 3o 
than normal back pressure, and as such, may cause ink 
to flow ai height diiferences at which other cartridges 
may not eacperisnce ink flow. To ensure these "worst 
case** cartridges do not puddle or drool, the height dif- 
ference, i.e., the height differential between the higher 
cartridge and lower auxiliary resen/olr, ts Increased from 
a nominal distance to give some nargin. The nominal 
distance Is based on average back pressures for a given 
lined'' cartrkige, say 40 cc of ink which may correspond 
to S inches of water back pressure 'm an exemplary car- 'to 
trfdge. 

In one exemplary embodvnent. the cartrklge-bag 
system will work well with the bag's upper surface be- 
tween one and four inches below the cartridge nozzle 
piate. The system can accommodate a moderate de- 
gree ot ain though thetubef rem the cartridge lo the aux- 
iliary bag should be kepi below the top of the cartridge 
to avoid the fonnatk^n of an air lock. 

Fl 0. 20 illustrates exemplary closed spring-bag res- 
anroir back pressures For three different reservoir spring so 
stiffnesses, as a function of the percentage of ink vol- 
ume del^red from the internal spring bag neservoir (not 
connected to an auxiliary resenroir). Tha higher the 
spring stiffness, tha higher will be the back pressure. 
FIO. 20 shows that as ink is delivered from the cartridge ss 
resenK>ir, the back pressure Increases. These are aver- 
age backpressures, and provkJe a starting pointier aux> 
iiiary reservoir locBtk>n. 
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FIGS. l5Aand 1S8 illustrate a circuit 1610 for mon- 
itoring elecIronk:ally the weight of the auxiiiary reservoir 
and hence the volume of Ink within the auxiliary resenralr 
1410. This exemplary implementation includes a poten- 
trameter 1 61 2 and a fixed resistance 1614 connected in 
series to form a voltage divider circuit, with a constant 
voltage souixre 1616 supplying a reference voltage to 
the voltage divider drcurt. An Ink level meter 1620 pro' 
vides an indication of tha voltage at node 1 620. The po- 
lenliometer wiper 1622 is coupled to the platfonn 1510 
so that as Ihe platfonn level changes, the wiper Is 
moved, changing the rssfstence through the potentiom- 
eter and hence the voltage at the node 1 620. The Indi- 
cation provided by the meter 16ia can be calibrated to 
provkje an accurate IndTcatlon of the platform level and 
corresponding level of ink within the auxiliary rosen^r 
1410. This indicatbn can be provided electronically lo 
the printer/plotter controller and used for various pur- 
poses, including providing warning of low auxiliary res- 
ervoir levels. The circuit 1610 and coll springs essen- 
tially ope rate as a scale Indicating the weight of the sus- 
pended mass which irusludes the reservoir. 

FIOS. 1&-20 illustrate an exemplary spring bag car- 
tridge 1102 parttcutarty adapted for connection to an 
auxiliary resen/oir fn aocordanoe with the invenlkm. The 
cartridge 1102 is generally similar to the cartridge 10 of 
RGS. 1-7, except that an ink replenishment port 1750 
is provided at a harxlle comer of the cartrkigd frame \o- 
cated diagonally from the cartridge snout regton 1730. 
The cartridge includes thie peripheral frame structure 
1 71 0, lo which the side plates 1 720 and 1 722, shown h 
the exploded view of FIG. 16, are attached One of the 
bag membranes 1726 Is visible in FIG. 16. The frame 
structure 1710 Includes a rigid outer frame member 
1712 (generally corresponding to frame 20 of PIG. 1) 
and an inner frame member 1714 (geneially cone- 
spondlng to frame element 20 of FIQ. 1), foiTned of a 
softer plastic material. A preferred material suitable for 
use in the fabrication of the btner frame member 1714 
is described in co-pending application serial nunrtbar 
08/058,730, filed May 3. 1993. enthled Two Material 
frame Having Dissimilar Properties for Therrr^l Ink-Jet 
Cartrkige.' The bag membranes are attached to the 
frame member 1714. 

Fl G. 1 7 Is a side view showfn g the rigid frame mem- 
ber 1712. RGS. Ifi-19 show an exemplary embodiment 
of the replenishment port and tube connection. Essen- 
tially, en opening 1752 is moMed into a comer of the 
rigid frame member 1712, and this opening is in fluid 
communication with the internal cartridge reservoir. The 
softer Inner plastic member 1714 lines the opening 1752 
defined by the ri^d plastic member 1712. A tube filtlng 
1756 provides a barb adaptor 1766 A for attaching the 
end iai OA of the f1e»lb!e lube 1310 which leads to the 
auxiliary resen/oir. The tube fitting includes a short hol- 
low tube 17568 for insertion into the opening 1792. The 
fining further includes an outer tubular element 1756C 
which is received ir» nrating recess 17l2Afontied In the 



B 

PAGE 5V1irRCVDAT2l16/2ll076:42:15PRII pastern 



02/16/2007 15:53 FAX 714 540 9823 



FCH&S COSTA MESA 



@051 



15 SP0 745 

rigid plastic mQ/nber 1712. The opening 1752 can in 
some applicalions ba initially plugged wilh a steal ball 
1758, o.g., ^ere the cartridgo is fillad and then placed 
In Inventory prior to connection to the tube 1310. The 
tube 1756B of the nulng wfB displace the baU into Ihe $ 
resen«>ir as the fitting tube le Inserted into the opsning 
1752, and b received tightly within 1ho opening to form 
a seal. Ink can then flow through the flaxibia tube 131 0 
and rigid tube 1 756 B from the auxiliary reservoir intoihe 
primary €pring-bag reservoir. lh& opening 1752 could to 
ba resealed after removal of the fitting 1756 by pushing 
anolher ban plug into the opening. 

The tube connection structure shown in FIGS, 18 
and 19 ia by way of exampie only. Other ^pes of tube 
connecting apparatus oould alternately be employed. 
For example, some applications may elmply employ an 
opening through itie frame through which an end of the 
flexrbla tube ia Ineerled. 

FiGS. 21 -2S illustiate In further detail an exemplary 
auxiliary reeenft>ir 1 41 0, connection tube 1 31 0 and car- 20 
Iridge 1102. The tub© 1 31 0 has a first end 1310A con- 
nected Into a port of the primary spring-bag reservoir. 
The tube 1310 Is further connected at Ito second end 
131 OB to the auxiliary reservoir 1410. as illustrated In 
FIGS. 21-25. The resoivolr 1410 includes a fitment ©le- 2S 
ment 1420 which provides a structure to which the tube 
end 1 31 OB can ba attached. The fitment 1 4^ includes 
a tube 1420A extending trar\fiverMly to a "q* shaped 
filment flat stmctura portion 1420B. There ia a tube 
opening 14&0C extending through the tube and flat so 
structure portion. The flat Btruclure portibn 1 420B ha« a 
flat surface 1 420E which is attached to the bag material, 
and a series of channels 1420D fornied in the surface 
opposed to the flat surface. The channels lead to the 
tube opening 142QC, and serve to prevent the opening 
from being closed by the bag material as the bag emp- 
ties and coJIapsos. TTius, the channels allow the bag to 
be more completely emptied of ink. The fitment 1420 in 
the exemplary embodiment is a one place structure 
molded from low density polyethylene. 40 

In a preferred err^odiment, the auxiliary reservar 
1410 Isabag fabricated of aflexiblemateifal impcnrious 
to the liquid Inlc. and can be tha came material as that 
used for the spring bag membranes In the spring bag 
cartridge. A suitable tiag material is a oommerciairy ^ 
available assembly of two thin layers adhered together 
a two mil thick layer of polycsthylene, and a .75 mrl thick 
layer of polyester (l^YLAR) on the bag exterior. The aux- 
iliary rcsen/oir bag can be fabricated fn accordance wfth 
the iollowing exemplary method. 50 

Rrst, a piece of the bag material about six inches 
wide and twenty-four Inches long is cut. Next, a 1/4 Inch 
hole is punched m the very center of the bag material 
for the fitment element 1420. Tlie pteca of bag matertat 
Is placed over the filmenl with the fitment tube 1420A ss 
inserted through the hole in tha material. The fitment po- 
sition Is adjusted ao that its long dimension ia parallel to 
the tong side of the piece of material. Next, a twoHnch- 
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by-two-inch piece of teflon cloth with a 1/4 inch hole 
punched rn it is pbced over the fitment lube 1420/^ so 
that the bag material and teflon cloth sandwich the fH- 
menl element 1420. A fitment welder is usod to heat 
weld the fitment to the bag materia). The fitment Wefder 
can be a hollow aluminum cylinder attached to a solder^ 
ing Iron, with the cylinder defining a cleamnce opening 
larger than the diameter ol the fitment tube. The tem- 
perature can be controlled by unplugging the soldervtg 
iron, etc.togetthebestfitmemseai. Acyllnder of rolled 
teflon cloth is placed over the fitmem tubs 1 420A to pro- 
tect it from melting. A second cylinder of rolled teflon 
cbth is placed inaida the clearance hole of the fitment 
welder. The welder is careftjily lowered over the fitment 
tubo and pressed down to melt the bag material and the 
fitment together. This welding will require a rather fast 
rolling motion to prevent melting the fitment tube or ex- 
cess melting of the bag but also must assure a complete 
t>ag to fitment seal. 

Once the Htment is In ptace, the periphery of the bag 
can be sealed with impulse heal sealers typically used 
on plastic bags. The pieca of bag material is folded over 
in tha long direction to end up with a bag elx-inches-Jsy- 
twelve inches with the filmenl lube protmding out of one 
side wall of the bag. TTie long edges of the bag material 
are lined up, and the ahort and of the bag le heat eeaied 
about 11 -l/S inches from the fitment erxJ. A second seal 
can be placed next to tha first one for added sealing se- 
curity. Then each of the long edges of the bag arc sealed 
about ona inch from the edge. A second aaal can be 
placed right next to the first seal For added sealing se- 
curity. Tha bag shouFd now have a sealed area of aboul 
four-inches-by-eleven-and-one-half-inches with the fit- 
ment tube 1420A protruding from ona side wall of the 
bag. When filled with liquid Ink. this exemplary bag will 
have a vertical height dimension on the order ol 1-1/2 
inches. 

The auxiliary resenroir bag 1420 can be filled by ai 
least two exemplary methods. One method is syringe 
filling. Ink is pulled Imo a ayrlnge. the syringe is connect- 
ed to tha bag filment tube through a luer fitting, and tha 
Ink Is pushed Into mo bag. Another method b siphon 
filling. The bag 1420 is placed at a lower level than the 
rree liquid level in an ink bonla. A tube Is placed in the 
ink bottle. A lee" Is connected between a luer fitting on 
the bag 1 420 and the tuba from the bottle. A syringe is 
attached lolhe open end of the Igg.*" When the syringe 
is used to evacuate the tube and bag of air, the Ink thai 
is pulled out of the bottle starts a siphoning action into 
the bag 1420. Onca the bag has the required amount of 
ink In it, the luer fitting can ba capped with a male luer 
plug. To remove any air bubbles, the bag ia oriented to 
gel any air bubbles to collect at the niment and the plug 
Is opened enough to let the afr escape. Tha aiAfiflary 
resen/oir bag 1420 can be refilled by the same tech- 
niques. 

An L luar fitting 1430 is attached to the fitment tubo 
1420A by pressing a bart)ed and of the fitting into the 
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tub9 1420A. Tho tub© malerfal s flcxibls enough to re- 
ceive the fitting end in a laak-tfghl join I. The exposQd 
find Cff the fining 1 430 is also baibed, and the end 1 31 OB 
Gf the tube is pushed onto Ihe baibed end to make the 
oonnecLnn. s 

To attach the cartridge 1102 to the auxiliary reser- 
voir bag 1410, it is helpful if a T" tube fitting 1320 is 
inserted in the tuba 1 31 0 which wHt run betwaan the car- 
tridge and reservoir. This permits air bubbles to be re- 
[eased prior to use. jc 

In an exemplary embodimsnl. the tube 1 31 0 has an 
inner diameter of I^B inches to pernntt adequate flow and 
without relying on capillary fksw. 

When the cartridgs rosenrair and auxiliary resenrolr 
are not instaJlod in a printer, e.g., during shipping or in is 
Inventory, ther© is the risk that the height dlfferenttai be- 
tween the cartridge and auxiliary rasenroir will not be at 
the con-ect cfifferancial to prevent Ink flow from the ree- 
ervoir to the cartridge, allowing ink drool from the print 
head. To prevent this, a shut-^off valve will typk:aliy be 20 
Installed In the fluid palh between Ihe auxiliary reservoir 
and the cartridge to prevent ink flow when the cartridge/ 
auxiliary reservoir are not installed in a printer. Thte may 
be a simple pinch valve for closing the lube, for example. 
Such valves are schematfcally illustriated in FIG. 21 as ss 
elements 1 321 and 1 323. 

In a practical implementation of a printer embodying 
this Invention, the ctosed fluid palh between the car- 
tridge and auxiliary reservoir may be defined by a lube 
which is in esssnce a tubing system, whorefn a portion ^ 
of the Vuld path is defined by a printer lube which is a 
pemnanenl part of the printer, in that it is not Intended to 
be replaced when a cartridge or auxiliary rosen/oir is re- 
placed. Thie 'permanenf tuba can be Installed with the 
wiring hamssa also connecting to elements on the car- 36 
trkige carriage, and tube connectors insiaifed to permit 
ready connection of the cartridge, or shori tubing sec* 
Uons connected to the cartridge to one end thereof, and/ 
or of the auxiliary reservoir, or a short tubing section con- 
nected to ihe auxiliary reservoir, to the othor end. In such 40 
an Implementation, the cartridges and auxiliary reser- 
voirs could be fabricated with short lengths of tubing at- 
tached to the ports, with removable caps or plugs seal- 
ing the tubing prior to connecting these elements into 
the printer. As another allemate an^angement, 10 facilh 4s 
tate the ease of fitting the caaridge with Its tube into the 
carriage, a email diameter tub« nnay be used to connect 
Into the port of the cartridge, which can be more easily 
posltbned in the can>iage than a larger diameter tuba. 
The small dtameler lube could then be connected to the ^ 
larger diameter, "permanenL" lube running to the auxil- 
iary resen^^ir. 

It Is understood that the above-described embodi- 
ments are merely ffJustratlve of the possible specific em- 
bodiments whch may represent principles of the ss 
prosont Invention. Other arrangements may readily be 
devised in accordance with theee principles by those 
skilled In the art without departing from the scope and 



spirit of the invention. 



Claims 

1 . An rn k-Jet printer/plotter ( 1 000) for Ink-jet priniing 
ortto a print media (1030), characterized by: 

an ink-jet cartridge (1102) Including an Ink-jet 
print head and a closed spring-bag primary Ink 
resen/oir In fluid communication with said print 
head for hokjing an internal supply of liquid ink 
under negative pressure, said reservoir Includ- 
ing a movable skJe wait and an Internal spring 
for biasing said aide wall against collapsing a& 
Ink is withdrawn f rom aaid reservoir and ejected 
from said print head onto a print medium during 
printing operations; 
a printer/pkjtter frame (1012): 
a prim media advancing mechanism for ad- 
vancing a print medium along a medium path 
in a media advance directk)n (x) to a print area: 
a cartrdg© can-lags (1100) for holding the car- 
irtoge; 

a cartridge carriage drive mechanism (111 0) for 
moving the cartridge carriage relative to the 
frame along a carriage axis for printing a swath; 
a closed auxiliary ink resen/oIr (1410) secured 
relative lo the rrame for holding an auxiliary 
supply of lk)ukj Ink; 

a connectbn tuba (I3i0) for connecting ba- 
twaen eald primary reservoir and the auxiliary 
resenroir for provkling a closed fluki palh be- 
tween the primary and auxiliary reservoirs; and 
apparatus (1510, I5l2, 1514) for positioning 
the auxiliary reservoir at a vertical height posi- 
ttoex relative lo the spring bag internal reservoir 
so as not to destroy the back pressure. 

2. A printer/plotter according to Claim 1, further 
characterized In that the auxlliafy reservoir (1410) 
hokJs a large quantity of liquid ink to result in little 
vari&txjn m back pressure as Ink is consumed. 

9. A pr'mter/lplonar acootding to Claim 1 or Claim 2. 
further characterized In that the auxiliary reservoir 
(1410) is flat with relatively large depth and width 
dimensions fn relation to a smaller vertical dimeji- 
slon or said auxiliary reservoir. 

4. A printer/plotter according to any preceding 
claim, further characterized in that said l^ight po- 
sition of said aLDciliary resenA^lr (1410) is below a 
heighl at which the print head is disposed while the 
cartridge (1102) Is secured In the carriage for print- 
ing operatksn, 

5. A printer/plotter according to any preceding 
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claim, further characterized in that said cartridge 
(1102) includdB a rigid framd micture (1712) en- 
closoig the primary reeervoir, the prijfn head is se- 
cured to a suifacc of the frame dlnjchjre w*iich fac- 
es the print medium undergoing printing operation, s 
and whersin said tube (1910) is connected to said 
primary reservoir through a port (1750) eixtendlng 
through the frBme structure. 

S. A printer/plotter according to any precoding io 
claim, further characterized In that said cartrfdga 
further includes an ink fill port (122) extending 
through the cartridge frame In a wall of said frame 
facing said print medium, said fia port being sealed 
whh a eealfng member. is 

7- A prinleryplotter according to any preceding 
claim, further characterized in that said auxiliary 
resen/oir comprises a sealed bag (1410), the bag 
Including first and second side waifs having raepec- 20 
tive edgda sealed together, the bag side walls fab- 
ricated of a thin flexible material which is impervious 
to the liquid ink. 

8. A printer/ploner according to any preceding 
claim, further characterized in that said apparatus 
for positioning said auxiliary reservoir indudee a 
platform (1510) lor supporting said reeenralr. 

9. A ink-jet phnteiyplotter according to any priced- so 
ing claim, further cPoaracterized by a pluralily of ink- 
jet cartridges (1102, 1104. 1106. 1108) for printing 
with liquid ink of a plurality of colons, each cartridge 
including an ink-jet print head and a closed spring- 
bag primary resen/ofr In fluid communicatton wilh 3S 
said prim head for holding an internal supply of liq- 

uld Ink under negative pressure, said reservoir in- 
cluding a firs I movable side wall and an internal 
spring for biasing eald side wail against cdlapeing 
as ink is withdrawn Trom said primary resen/otr and 40 
ejected from said prinihead onto a print medium 
during printing operatksns; by a corresponding plu- 
rality of ctoeed auxiliary ink rosenroire (1410. 1420, 
1 430. 1 440) each for holding an auxHiary supply of 
liquid ink, and by a pluralrty of connection tubed ^ 
(1 31 0, 1 320, 1 330 and 1 340), one each for connect- 
ing between a given primary resenrair and rts cor- 
responding auxiliary resen/oif for providing a closed 
fluid parth between the corresponding primary ar^i 
auxiliary reservoirs, and further characterized by fiO 
apparatus for positkxiing the auxiliary reservoirs at 
respective VGrtical positions relative to the primary 
reservoirs so as not Io destroy the back pressure in 
each primary reservoir. 

SB 

10. A printer/pionBr according to Ctalm 9i further 
characterized in that &M auxiljary reservoir posi- 
tioning apparatus includes acon-espondfng plurality 



of platform structures for supporting each of said 
resen^rs in repose on one of said bag side walls. 

11. A printer/plotter according to any preceding 
claim, wherein said apparatus for positioning Ihe 
auxiliary reservoir comprises heigftt regulating ap- 
paratus (1510. 1512, 15U) -for regulating a height 
position of the auxiliary reservoir relative to the 
height of the cartridge print head to maintain a sub- 
stantially constant back pressure In said primary 
reservoir while a supply of ink remains in the auxil- 
iary resenrofr. said height position being dependent 
on the amount of ink in said auxiliary reservoir. 

12. A prinler/plolter according to Claim 11. lurther 
diarHcterized in that the height regulating appara- 
tus comprised a support structure (1510) for sup- 
porting the auxiliary resenA>irand apparatus (1514) 
tor adjusting the height ol the auxiliary rssen/oir fcl 
relation to the height of said print head as tho vol- 
ume of ink within the auxiliary reservoir decreases. 

12. A prlnter/plolter accorefing to Claim 11, further 
characterized in that the height regulation means 
cornprbes a support structure (1 51 0) for supporting 
the auxiliary reservoir, and height adjusting appara- 
tus (1S14) for adjusting the height of the support 
eiructure in dependence on the weight of the auxil- 
iary reservoir and said auxillaiy supply of ink, 
wherein the support stroclure height rises as ink is 
dnawn from said auxiliary resenrorr. thereby lighten- 
ing the reservoir and auxiliary ink supply. 

ia, A printer/plotter according to Claim 12, further 
characterized In that said height adjusting appara- 
tus Includes a spring biasing mechanism (1514) for 
providing an upward biasing force on said support 
structure, vJh^t&m as said auxiliary reservoir is 
drained of inK said spring force acting on saM sup- 
port structure causes sakl auxlliafy resenrair to rise 
relative to a starting height position. 
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